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ABSTRACT

AUTHOR: Joseph L. Bergantz, LTC, USA

TITLE: Getting the U.S. Defense Technology Base Back on
Track

FORMAT: Individual Study Project

DATE: 1 Mar 1992 PAGES: 36 (Inclusive of Endnotes/
Bibliography) CLASSIFICATION:Unclassified

To remain the world leader with a credible military
force and to modernize this force within declining defense
budgets, the U.S. must develop a viable technology strategy.
This strategy should emphasize four major initiatives for
restoring American technical superiority: 1) investment
etrategy optimization; 2) management improvements;

3) personnel recruitment and retention enhancemente; and

4) government, industry, and university cooperative efforts.
In order to help realize technical dominance, the DOD has
identified critical technology areas which will enable
gignificant weapon system advancements. Not only will these
critical technologies benefit the DOD, but they will also
benefit the commercial sector. This document describes the
general background of the current defense technology base,
identifies igssues confronting this technology base, and
recommends solutions to those issues. These recommendations
should then be adapted to high-leverage critical technologies

in the form of a national technology strategy to exploit the
limited assets available.




INTRODUCTION

In the past, the U.S. has maintained a decided
technological edge over her adversaries. Force structure was
predominantly based on technologically superior weapon
sygtems facing a numerically superior, but technologically
inferior threat. As the 1991 National Security Strategy
states, "maintaining this technological margin will become
increasingly difficult as access to advanced weaponry spreads
and as the defense industry shrinks'% It is paramount that
the U.S. focus its efforts on high-leverage areas that
enhance its advantages and exploit the weaknesses of
potential enemies.2

These high-leverage areas are enumerated in the 1991
Defense Critical Technologies Plan, in the form of 21
critical technologies. Unfortunately, current trends
indicate that the Soviet Union is ahead of the U.S. in pulsed
power, and Japan outdistances the U.S. in robotics,
photonics, semi-conductor materials, superconductivity, and
biotechnology. In addition, the U.S.'8 lead in many other

3
critical technology areas is waning.

To reverse these trends, the U.S. must revitalize its
technology base. Four major initiatives should be pursued to
regain a decigsive lead in not only defense, but also
commercial technology. First, the U.S. must reevaluate itse
technology investment strategy to ensure that technology is

adequately funded, even in the face of drastically




constrained DOD budgets. Second, technology base management
organizations need to be created, restructured, or
streamlined; thereby, reducing duplication of effort and
optimizing national technology base assets. Third, the
scientist and engineer community within government civil
service must be stimulated to retain quality personnel, as
well as attract new talent. Finally, cooperation among the
government, industry, and universities must be strengthened
to promote governmental and commercial development of
technology; to optimize facilities and personnel necessary
for specific critical technology research; and to eliminate
inefficiencies. This paper will describe the defense
technology background, address issues, and suggest

recommendations in the context of the four major initiatives.

BACKGROUND

Invegtment

With the collapse of the Soviet Union, a well-focused
threat to U.S. national security no longer exista. Aes a
regsult, the U.S. is regtructuring its military from a threat-
based force to a capabilities-based force; downsizing all
three services; and reducing forward-deployed forces to those
of forward-pregence. During these uncertain and changing

times, much political pressure exists to cut severely the DOD




budget. Consequently, modernization, which includes the
defense technology base, will suffer setbacks. A technology
base investment strategy must be designed to exploit the
agssets which remain.

Invegstments in defense research and development (R&D)
occur in three major ways. First, certain R&D efforts are
contracted by the Department of Defense (DOD). Second,
defense contractors invest corporate profits into in-house
R&D projects. And finally, Independent Research and
Development (IR&D) is an investment method through which
defense contractors can bill a portion of their in-house R&D
costs to the government (chargeable a® overhead), as a

function of doing business, provided certain conditions are
4

met.

IR&D, along with the other two methods, iz egszential to
the nation’s security, gince independent research and
development supports our nation’s ability to compete
technologically. Over the years, one of the key ingredients
of the investment strategy has been the IR&D process.
Overhauling this process, to stimulate greater commercial and
government investment, is a major step in regaining lost
technological superiority.

The term "independent’ is important since each company
has the freedom to choose what areas to research. However,
one major restriction imposed ig that the R&D must show
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potential military relevance. 1In addition, Congress further

restricts the process by capping the funds which defense




contractors can recoup. Even though this limitation is
adjusted periodically to reflect inflation, the contractor
seldom, if ever, recovers the entire limit? This is true
becaugse the government determines how much of the cost is
allowable (e.g. in 1989, government-allowed IR&D totaliled
‘2.2B).7 The remainder of the firm's IR&D costs (unrecovered)
are funded by the company itself, in hope of later payoffs.8

Of the three methods for defense R&D investment
described, IR&D is probably the most advantageous to the
government. It holds that middle ground between the extremes
of DOD-contracted R&D and solely company-funded R&D. IR&D
algo ensures that the government retains limited control, and
it affords industry more of a free rein.

Several major benefits are attributable to the IR&D
process. IR&D allows company 8cientists and engineers to
explore and to develop imaginative concepts for DOD without
geverely inhibitive government restrictions. IR&D enhances
the commercial technological community and reduces
developmental rigsks of advanced systems. Many examples exist
where key U.S. weapon technologies were developed that did
not originate as a military requirement or from contracted
funding. Some examples include: critical technology related
to the development of the Redeye and Stinger air defense
missiles; the submarine-launched, Tomahawk cruise missile;
and the F-16 fighter?

Additionally, recent spending figures sgshow that roughly

one quarter of all defense science and technology base
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activities are funded through IR&D. A recent analysis of

the FY92-93 Defense Budget Request indicates that, while
direct-funded R&D will remain constant, IR&D will suffer
setbacks. This occurs since IR&D, as well as company in-
house efforts, is closely attached to procurement accounts,
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which are bearing the brunt of modernization cuts.

Management

The management of the defendge technology base is
quite diverse. As a result of the Goldwater-Nichols Act,
the technology base management structure has been reorganized
(see figure one)?2 This legislation created the Under

Secretary of Defense for Acquisgition, USD(A), also known as

the Defense Acquigition Executive, and recreated the Director

Secrelary of
Deterss
Director,
Strategic Detense
Initiative
Organizetion
tUnder Secretary
of Defermse,
Acrpuiasiton
[USDIAN}
Dwecior, Dntanse
Research and Aasistant Secretary of Detnse,
Engineering Ressarch and Technology
[ODRAE] [ASD {R8T)]: end Dwector,
Detense Advanced Resesrch
Projects Agency
Deputy Under
_ Secretary of Oetense,
E‘;:cm;wm:. Resonrch and Owector, Detenss
fense d"’“ Advanced Muclear Agency
Boe Technology
[DUSD (REAT]
Ervironmental Rosaarch and Enginnerng Computer and Electronic
and Labor slory snd Electronic Syaterns

Lite Sclence Management Technology Technology Technology

Figure 1. Management of the DOD Technology Base Program




of Defense Research and Engineering (DDR&E), but with less
13
responsibility.

The primary function of the USD(A) is to oversee and

approve procurement of the Service’'s major weapon systems and
R&D in DOD’'s technology base programs, with the exception of
the Strategic Defense Initiative (SDI). On the other hand,
the DDR&E is resgsponsible for oversight of only R&D activities
for the Services and the Defense Nuclear Agency (DNA). The
separation between the two organizations is intentional to
preclude faulty weapon systems from leaving the laboratory
and proceeding forward to the factor-y%4

Two other major organizations exist at DOD-level which
deal with the technology base: the Defense Advanced Research
Projects Agency (DARPA) and the Strategic Defense Initiative
Organization (SDIO). DARPA, as Congress’' Office of
Technology Assessment (OTA) points out, acts as DOD's
corporate research organization, capable of working at the
"cutting edge” of technology?s Most of DARPA’s projects,

contracted through the Services, are with industry,

universities, non-profit organizationa, and government
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laboratories. In 1988, DARPA’s budget was just under %800M,
which is greater than the other defense agencies technology
17
bage budgets combined. Although DARPA reportes to the

USD(A), the SDIO reports directly to the Defense Secretary,
18
which prevents the USD(A) from managing SDI activities.
SDIO is a centrally-managed organization with five

technical program directorates. SDIO is almost equally




divided between basic R&D and the acquisgsition program Global
Protection Against Limited Strikes (GPALS). In 1991, SDIO
funded critical technologies in the amount of #651M or
approximately 23% of its annual budget?9

Below the DOD-level, technology base organizations
include the various laboratories operating under the
direction and guidance of each Service. Each Service manages
ite technology base programs differently. The Army is more
decentralized; the Navy performs 60% of ite technology base
efforts in-house; and the Air Force contracts out most of its
programs?Q

The final noteworthy science and technology
organization is8 the newly-created Critical Technology
Ingstitute (CTI). The CTI is a product of the 1991 Defense
Authorization Act. Originally, the CTI would have been
subordinate to the President’'s Office of Science and
Technology Policy (OSTP). Recently, CTI's sponsorship has
been changed. 1Its purpose, coordinating fede;?l government

critical technology efforts, remaing the same.

In summary, the OTA notes that "the majority of the

technology base program is conducted by industry (56%), with
univergsitiegs performing 20%, and the DOD in-house
laboratorieg conducting the remaining 30% of effort,'?2 DOD’'s
complex technology base is planned, organized, and
implemented by DARPA, SDIO, and the three Services, with
oversight and guidance provided by the Office of the

Secretary of Defense (0SD). Nonetheleass, it appears that the




CTI will play a large role in the future.

Personnel

Many of the problems associated with defense technology
are in its personnel base. Some of the shortcomings have
already been addressed within recent Defense Management
Reviews (DMR). As the OTA has observed, “ultimately, a
vibrant domestic technology base depends on a steady supply
of highly capable sgscientists and engineers'?3

Although there is an increasing demand for scientists
and engineers in technical fields, such as, avionics,
computer gsoftware, and electrical systems, current trends
indicate a shortage of U.S. trained professionals in DOD.
Some of these shortages have been satisfied by foreign
nationala, not by U.S. citizens?4

Foreign nationals are not only involved throughout DOD,
but are also enrolled in PhD programs throughout America.
Roughly two-thirds of these talented personnel remain in the
U.S. after degree completion. Nevertheless, many go home;
and their talents are lost to foreign compet.itors?5

Shortages are also increasing in industry which
typically pays much higher salaries. A 1989 Aerospace
Industries Association of America survey indicated aerospace
companies had significant scientist and engineer shortages
in certain areags. Furthermore, 85% of the companies surveyed

26
predicted recruitment difficultieg in the future.




Many of these shortages reflect a trend within the U.S.
education system. As Dr. Allen Bromley, the President's
scientific advisor, has stated, one of the President’s
three major research and development initiatives for FY92 is
education and human resources?7 And yet elementary schools
are failing to encourage young students to enter science and
technology fields.

Education should not be limited to scientists and
engineers, but applied to the entire work force. Indeed, an
educated labor pool is essential for U.S. industry to remain
competitive. For thisg reason, many industrial in-house
education programs already exist, ranging from remedial

28
and on-the-job training to advanced-level courses.

Government/Indugstry/University Cooperation

Many efforts to increase cooperation among DOD agencies,
industry, and universities already exist. For example, the
Univergsity Research Initiative (URI), sponsored by DOD, funds
multidisciplinary research contracts designed to enhance
efforts between universities, industry, and DOD laboratories.
URI also subsidizes human resource development through
fellowships, post doctoral investigations, and scientific

exchange programs to promote interaction between DOD
29
laboratories and universities.

Another initiative designed to break down barriers is

the Engineering Research Centers concept. These centers




concentrate on gpecific technologies, such as biotechnology
or robotics, and involve representatives of industry,
government, and universities in the establishment of long
term engineering research. These centers also have
international elements which promote internatioral
collaboration with foreign corporations?g

Ags one can see, there are many internal and external
factora which DOD can influence in order to improve the
climate of the defense technology base. One can also imagine
that this environment is fraught with problems. Let us now
consider gpecific issues associated with each of tre four

major initiatives.

ISSUES

Investment

There are many issues associated with funding a viable
technology base. For example, front-end R&D investment has
declined significantly since the 1960°'s. Indeed, the
cumulative shortfall from the funding peak in the mid 1960’'s
now amounts to roughly #25B which equates to some 25¢,000
technical man years that were not worked:.,’1

Another fundamental issue is8 a lack of funding stability
for R&D, specifically for research. Typical fluctuations, of
more than 10% per year, frustrate planning, uadermine
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innovation, and work against long term strategies.

10




Many deficiencies also exist with the IR&D process. Of
significant concern is the control of IR&D efforts. The DOD
supports industry’'s concerns over maintaining latitude for
innovation, even though the Services want greater control
over how their money is spent. A second and more bothersome
concern is that IR&D incentives are oriented toward short
term applications (which quickly demonstrate relevance and
recover cost) instead of long term technology?3

A major reason for the recent lack of enthusiasm for
IR&D is that Bid and Proposal (B&P) costs are linked to IR&D
under the Federal Acquisition Regulations (FARs). As a
result, companies recover investments in both areas through
their overhead pool on defense contracts. With the increased
emphasis from government on competition, auditing, and more
extengive negotiations, B&P costs have escalated
gignificantly. Since both IR&D and B&P costs are capped by
Congress and are inextricably linked in the same overhead
pool, IR&D has ultimately suffered?4

Furthermore, many claim IR&D is overregulated:

One software firm has had a year full of

audite. The firm estimates that the

government has zpent #£3808K to audit a #500K

overhead. Another gmall aerospace company

decided not to sell products to the DOD

due to the hazsle it gets from govern- 35

ment visitorse and the extensive paperwork.
This situation causes profit losses and adversely affects R&D
investment. Such overregulation also manifests itself in

Congressgional limitations, which preclude defense contractors

from fully recovering their IR&D costs and investments.

11




Management

The 1986 Packarc Commisgasion report and subsequent
legislation have done much to eliminate management problems.
Not only have program managers been given back more time for
actual management activities, but also all acquisition
regulations and directives are being reviewed and revised to
eliminate duplication and overly burdensome regquirements.
Yet, there are numerous other management problem areas still
to be addressed.

Just as with the investment strategy, the managerial
environment also tends to be short-sighted. Therefore,
multi-year procurements and, even more fundamentally, multi-
year defense budgets must be considered seriously.

Still another issue requiring attention is further
centralization of the defense technology base. Both research
centers and labs will suffer management cutbacks over the
next five years. Therefore, Congress, through the Defense
Authorization Act of 1991, has directed the DOD to report
back on a consolidation and conversion plan for defense R&D
labs:.s6 This plan should address consolidation of critical
technologies under some form of central management.

Currently, there is no central focus for technology base
planning and control throughout DOD. The O0SD oversees
Service technology base programs at one organizational level,
DARPA at a second, and SDIO at the highest. This structure

inhibits coordination and leads to the lack of a high level

12




advocate for critical technology programs. Such a structure
also leads to wasteful duplication, lack of unity of effort
to solve common problems, piece-meal taskings, and
inattention to areas that are on no component organization's
a.genda:..s7 Hopefully, the CTI will solve these problems.

Even Total Quality Management (TQM), which the DOD has
embraced, argues for continuous improvement of all processes
within an organization (e.g. elimination of unnecessary
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management levels) and favors centralization. TQM also

requires a willingness to change and a long-term commitment?g
Therefore, to ultimately make TQM work, all management levels
must accept its tenets and be willing to wait for results.
One of the greatest challenges, facing managers over the next
ftew years, will be pursuing TQM to its fullest in a system
that is geared toward short term resultsz and annual budgets
and contracts.

Another major concern facing the defense technology base
management structure is the reluctance to take high risks to
achieve high payoffs‘.lg Such high risks must be taken, even
when faced with tighter budgets. One can argue, that only
through high risk/high payoff successes, can the U.S.
protect itg military superiority, while numbers of weapons
are diminishing.

A closzely related problem is the inability to quickly
field successful high-leverage advanced technology effoz?s.

An acquisition fast track of some sort is sorely needed.

Such an innovative approach would mean fielding equipment

13




that is gtate-of-the-art and not two or three generations out
of date. In the future, such an approach may take the form
of technology insertion into existing systems, rather than an
application to new procurement programs.

Many pergistent problems remain in the management of
technology. The majority of these problems are closely

linked to the personnel involved in the defense technology

base.

Personnel

One of the major personnel concernsg, according to the
Working Group on Technology, is the inability to attract
critical technology-skilled employees to government
positions. Competent people for these positions exist in
industry; however, government salaries cannot compete with
counterpart gsalaries in industry. Furthermore, current
conflict-of-interest rules discourage individuals from
entering government service?2

Another concern is the low rate at which U.S. citizens
become scientists and engineers. Greater emphasis on science
and engineering, during the early years of a student’s
education, is needed. Current trends indicate a decline of
almogt 25% in the number of young people enrolling in ma;h
and science programs in college over the next ten years?

To counter these trends, industry is independently

providing funds both to schools and students from

14




kindergarten through the universgity level. The aerospace

industry’'s Global Perspective reports, "beginning at the

elementary level, companies provide tutoring, plant tours,
career day speakers, academic competitions, equipment, summer
jobs, and assistance in developing curricula'?4

The lack of upward mobility and job satisfaction are two
more concerng within the defense technology community. For
example, under the current government civil gervice grade
gtructure, most peraonnel top out at grade level GM-15. This
phenomenon occurs because the only way to progress beyond GM-
15 ig through Senior Executive Service (SES) grades or super-
grade GS levels, which are few and far between. To attract
and retain superior technology base personnel, a revision
of the grades and pay structure is8 necessary.

In the area of job satisfaction, a major weaknesa is the
lack of continuing education. Since critical technologies
will lead to big payoffs, it is essential that managers be
adequately schooled in these technologies. Many government
managers do not feel well-trained since they have not
received recent schooling or recurrent training. Keeping the
government work force technically refreshed and competent, in
a rapidly changing environment, is a major objective for the

45
future.

Government/Industry/University Cooperation

The aerospace industry has identified the lack of

15




cooperation between government and industry as a major
obstacle in formulating a coherent critical technology
strategyf6 Industry has formed the National Center for
Advanced Technologies (NCAT) to overcome this obstacle. This
organization has spearheaded efforta to develop “rocadmaps’
for each critical aerospace technology. These roadmaps
concentrate on the elements of each technology, identifying
the necessary capabilities and techniques?7

Much needed groundwork is being laid to overcome the
lack of cooperation. But, what has caused this lack of
cooperation between government and industry?

A major contributor to thig situation is the Competition
in Contracting Act (CICA). CICA sounds great on paper;
however, many of the by-productg of CICA are unhealthy. For
example, CICA has encouraged competition solely for
competition’'s sake. It has encouraged many unqualified firms
to "buy in" at the expense of quality procedures. In
addition, CICA has fostered competition through dual-sourcing
which hag decreased industry’s willingness to invest in new
technology that the government will then transgfer to a
competitor. Furthermore, mandatory competition has split
production between competitors which increases unit cost.
Finally, CICA has inhibited the development of long-term
relationships between prime contractors and subcontractors
which works against TQM techniques?8 All of these factors

have actually had a negative effect on the defense technology

bagse. Although competition has been encouraged, cooperation
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has been stifled.

The other corner of this cooperation triangle focuses on
the universzities. Here again, many cooperative efforts are
on-going. Nevertheless, much more progress is needed. For
example, curricula are lacking which could educate scientific
and engineering personnel in critical technologies.

Furthermore, many problems exisgt in providing equal
opportunity within universitieg to minorities and women.
Limited on-going efforts exist to encourage minorities and
women to pursue general technological careersfg However, much
more emphasis is required, particularly in the critical and
enabling technology fields.

Another frequent complaint is that the lack of
cooperation between industry and universgities has contributed
to the decline of innovativeness of U.S. industry and
international competitiveness. As a result, the government
iz becoming far more directive with research funds. For
example, some federal agencies, like the National Science
Foundation, are using funds to encourage industry and
university cooperation. 1In addition, many state governments

50
have launched cooperative research efforts.

RECOMMENDATIONS

Investment Strategy

A pervagive problem, which has yet to be resolved,

17




ig industry’s philosophy of investing primarily in the short
term, and its reluctance to take a long term approach. It
appears that corporate management consciously makes such
decisions purely from a profit motive. Asg the President’'s
science advisor, Dr. D. Allen Bromley, recently

stated, "the return on federal investment in academic, basic
research alone is 28% per year'?l Thusg, industry must begin
to understand that IR&D is a good investment; and by
foregoing smaller profite in the short term, greater profits
can be achieved in the long term. U.S. industry’'s short-
sightedness may be safe for an individual company, but it
dilutes the effectiveness of the total U.S. R&D effort when
compared to competitors in foreign nationss.;2 A reasonable

alternative for industry and government would be to channel

more efforts into the dual-use technology areas which are

applicable to both establishmenta (an enticement to invest).

Probably the greatest threat to the defense technology
base is posed by Japan. Japanese private industry funds a
greater share of R&D than does American private industry (65%
versus 56%)?3 Since IR&D is a real bargain for the
government (industry spends #2 for every #1 the government
payg) and benefits induatry as well through commercial
applications, the IR&D process should be nurtured?4

Industry is not the only one guilty of a short term
outlook. The government is also culpable in this regard.

Over the years, the DOD investment curve in science and

technology looks like a roller coaster. What is required is
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a long term, stable, investment commitment at increased
levels.

The defense planning, programming, and budgeting cycle
should be reoriented toward more multi-year projects. Not
only could this save money, but it could also stabilize
schedules, permit capacity planning, and strengthen the
supplier base. An even more fundamental change could entail
having Congress review the DOD budget on other than an annual
basis. Even though the budget is currently labeled biennial,
it still undergoes Congressional review and change annually.
Although this recommendation is probably too radical to
receive serious support, more moderate fixes, which the
Congress could support, should be pursued.

For example, the FARs could be relaxed, along with
government interference, in the form of audits, paperwork,
and inspections. Such measures, to include the elimination
of annual limits on the total defense IR&D and B&P costs,
could certainly stimulate industry investment of corporate
profits and participation in IR&D programs?6 Although the
recent 1991 Defense Authorization Act has relaxed the term
‘potential military relevance® to that of “potential
interest® to DOD, and advanced agreement thresholds have been
increased again; full recovery of IR&D investments by
industry is still not allowede.s7

In addition, delinking IR&D from B&P costs should be

accomplished. This could prevent IR&D from being short-

changed because of the increased emphasisg on the B&P process.
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It appears that such radical changes are needed.

Maybe the best solution is to restructure the IR&D
process by breaking out IR&D funding as a separate budget
line item for each service. Thig scheme must be well-
thought-out to obtain the right mix of defense contractor
latitude versus government control.

Other incentives are needed to spawn private R&D
investment. For example, investment has been energized
somewhat by making the R&D tax credit a permanent incentive.
Previously, companiegs could not count on the credit being
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available to them from one year to the next.

Depreciation, another incentive, should be revised:
Depreciation of R&D facilities and equipment
should be accelerated from five to three years.
The current depreciation schedule provides no
real incentive to R&D as technology development
speeds up and product cycles get shorter. In
semiconductor technology, for example, the 59
product cycle is about two and a half years.

Also, manufacturing investment programs, such as the DOD
Industrial Modernization Incentives Program (IMIP), should be
strengthened. This program allows the Services to ghare the
costs of modernization with contractors. Productivity
improvements (150% better machine utilization, 90% less scrap
and rework) more than justify such programs since savings can
be reinvested into the R&D base. However, funding levels for
these programes are low, less than 1% of the DOD procurement

6a
budget.

Congress has also directed the Defense, Commerce, and

Energy Departments to develop a National Defense
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Manufacturing Technology Plan. Unfortunately, initial
funding for this effort is severely restricted?l Further
support of this effort is needed as well to spur the
industrial base and strengthen private investment.

Perhaps the most effective incentive for investment
would be ensuring availability of affordable capital. The
high coat of capital has increased the debt burden for

defense contractors and decreased profitability. The

aerogpace industry’'s Global Perspective states that within

the present system of long recovery periods, manufacturers
have no assurance of ever recovering costs because of high
interest rates on loans?2

A final consideration is the DOD's latest acquisition
policy which reflects increased R&D efforts while procurement
programsg are reduced or eliminated. Normally, procurement
programe would follow the R&D phase. The new philosophy
geldom, if ever, will guarantee such follow-on contracts.
This philosophy appears plagued with problems. It will be
difficult to generate indugtry enthusiasm for R&D programs
which promise no end products in quantity.

The industry paradigm of recovering lost R&D profits
through large production contracts will have to be broken.
No doubt the end result will be increased R&D costs that will
contradict the movement toward declining budgets. Some
middle ground must be found that allows limited production of

new end-items (enough for a user unit to wring out

operationally), somewhere between equipping many units and
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building only one prototype.
Only through the implementation of such recommendations
and hard work with industry can the U.S. establish an

investment climate that supports not only a strong technology

base, but also a healthy industrial base.

Management

A commitment to productivity enhancing disciplines such
ags Total Quality Management (TQM) is as important as
technology investment. TQM principles should be incorporated
wholeheartedly in the defense technology base. By willingly
accepting TQM in the research and development of high-
leverage technologies, appreciable progress can be realized.
Nonethelessg, a change of mindset will be required by
management personnel. In other words, a more long term
approach must be embraced and implemented. Not only should
managers be willing to conduct longer term research, but they
also must allow and accept failures and take higher risks,
which, if succesgssful, will lead to leap-ahead advancements.

One of the ways to reduce risk is to conduct Advanced
Technology Transgition Demonstrations (ATTDs)?3 The Army
technology base has already incorporated ATTDs into its
technology strategy. Such demonstrations speed the
maturing of advanced technologies in addition to other
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benefita shown in figure two. One or more ATTDs should be
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devoted to each of the DOD critical technologies.

* ATTDs provide an opportunity to prove feasibility

* ATTDs provide a team building environment with collaboration by
the researchers, developers, the industrial performer, and the
operalor

« ATTDs provide an opportunity for requirement writers to try new
technologies with less risk

« ATTDs should be selected and managed in a less rigid and more
streamlined manner than cument DoD prolotyping projects

+ ATTDs are a logical expression of the Packard Commission
recommendations on prototyping

Figure 2. ATTD Management Principles

Another significant improvement for management is the
consolidation and conversion of defense labs and R&D centers.
Based on a recent report to Congress, initiatives will soon
be implemented to consolidate or convert selected defense
labs and R&D centers(.s5 Ideally, the new lab and R&D center
structure could be geared to high-leverage technologies. A
certain lab could become a world-class developer of a
specitic critical technology. All _he talent, within
government ranks, concerning that technology, could be
centralized at that facility. Cen‘rai.zation, in this
context, could produce substantial savings and efficiencies.

The CTI, another effort for centralization, has been
created to focus attention on critical technology management.
The purpose of the CTI remains: 1) survey views of industry
and universities; 2) identify near, mid, and long term
objectives and develop strategies; 3) publish necessary
reports; and 4) provide technical support and assistance for
policy formulat,ion(.s6

However, the FY92 Defense Authorization Act has changed

the compogition and emphasis of the CTI. The board of
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trustees, 21 memberg, has been reduced to an operating
committee of eleven members. Sponsorship has shifted from
the OSTP to the National Science Foundation, and no
additional funding for FY92-93 has been authorized. Finally,
the most important change is the elimination of the ten
industry and academia members from the operating committee(.s7
To be successful, the CTI must coordinate critical
technologieg between DOD and other departments, such as
Energy and Commerce. The CTI should also coordinate closely
with industry organizations, such as the aerospace industry’s
National Center for Advanced Technologies (NCAT). This
coordination would have been greatly facilitated through
direct indugtrial and academic participation in the CTI, as
first proposed. The membership of the operating committee
ghould therefore include industrial and academic
representatives. The CTI must also be credibly funded and
given some sort of budgetary approval authority; or else its

decigions will fall on deaf ears.

Personnel

The DOD has taken some sgignificant steps toward
improving the personnel situation in the technology base.
First, the 1991 Defense Authorization Act provides grants to
students in programs critical to DOD in science and

68

engineering. Many of these grants require the recipient to

be a U.S. citizen. Thia citizenship requirement is designed
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to foster U.S. participation in critical technology fields.

A second on-going effort is that of education
partnerships in which each lab enters into one-on-one
partnership agreements with universities in the science,
mathematics, and engineering areas?g A related program is
the work education program where lab directors enlist
students and pay them GS-9 salariesg, including travel and
feea'.re These students often work for the government during
the summer or in lieu of a semester in the normal academic
year. Both of these programs are steps in the right
direction, but must be expanded to capture a larger group.

Efforts now exist within Congress to upgrade critical
management positions. Such rule changes are necessary to
improve not only recruiting, but also retention efforts. The
only way to lure top talent to the government is to allow
competitive salaries and grant higher grade structures.

In conjunction with this change, conflict-of-interest rules
mugt be eased or eliminated. Such rule changes could
encourage top-of-the-line industry talent to enter government
service without fear of conflict-of-interest penalties should
they decide to leave government service at a later date'.r1

The Department of the Navy has run a pilot program at
China Lake which provides higher salaries for scientiats and
engineersa. A recent Defense Science Board study supports
thia compensation approach?2 DOD ehould press Congreass to

relieve existing limitations on scientific and technical

careerists positions and authorize career incentive pay for
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top critical technology positions. Lab consolidation should
generate needed funds to support this effort.

One fundamental accomplishment of the 1991 Defense
Authorization Act is the creation of a directorship for
acquisition education, training, and career development
within the office of the USD(A), to include parallel
directors within each Service?s This director can influence
both continuing and initial education. Continuing education
is important since technology advances so quickly.

Similarly, the government should increase support of
initial education and expand outreach programs. For example,
government labs could establish a math and science homework
hotline for high school students who need assistance. Also,
labs and R&D centers could: sponsor open houses for
elementary schools and science projects and awards for high
schools; provide career counseling for graduating high school
geniors; and provide "hands-on" opportunities for students to
discover their engineering niche. Such good will efforts can
be relatively inexpensive and well worth the time and

personnel investment.

Government/Industry/University Cooperation

Ags noted earlier, the CICA has caused sgerious problems
within DOD. Therefore, substantial changes should be made.
For instance, °“full and open competition® should be replaced

by "effective competition®. This change in terminology
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reflects the government’'s use of a best value approach rather
than lowest bid. Furthermore, competition should be limited
to preselected qualified producers who have performed well in
the past or can meet clear rules for newcomers. Finally,
CICA should be interpreted to encourage long term,
predictable relationships between prime contractors and

74

suppliers. These measures could inspire cooperation.

Perhaps the ideal method to stimulate cooperation among

all three participants - government, industry, and
universities - is to establish Centers of Excellence for each
of the key technologies. These centers could operate much

like the existing centers do within the Army. The Army
currently has Centers of Excellence in five major areas:
electronics; rotorcraft; mathematics; optics; and artificial
intelligence which are university-based and team Army
researchers with civiliang from one or more universities?s
The new Centers of Excellence should focus on industry
participation. Thie concept could benetit the government;
but more importantly, it could benefit industry (by allowing
technology to be spun-off to commercial applications) and
universities (by establigshing curricula, which do not now
exist, for critical technologies).

Domestic cooperation among industry has improved.
Recent winners of major weapon system contracts, have formed
industry teams to lower individual investment costs and

reduce risk. "To some extent, this will also protect

critical U.S. technology,  as pointed out in the aerosgpace
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industry’s Global Perspective.

New legislation has also provided for a "mentor-protege’
program. This program provides incentives to large
companies, who are DOD contractors, to assist small
disadvantaged businesses to become qualified subcontractors
and suppliers'.?7 While much energy is being devoted to
stimulate cooperation among industry domestically,
international efforts must be made at the same time.

To foster international cooperation, the government can
remove barriers to trade, establish pro-trade policies, and
implement technology export policies that make national
gecurity and market sense?8 For example, the government
could eliminate technology barriers, such as overly
restrictive standards; reform U.S. product liability laws;
improve multi-lateral offset understandings; and provide a
single DOD policy on defense exports, technology transfer,
the industrial base, and arms cooperation?9

One last noteworthy initiative is "dual-use” technology,
which has both civil and defense applications. In the past,
the military establishment often drove technology, and
consequently many civil applications or spin-offs came from
government-funded technology. Today, the most advanced
communications, electronics, and information technology is
found in the commercial world. Many of the current and
future weapon systems are derivatives of commercial products

or apin-ons. Therefore, the distinction between military and

civil use technology is blurred, and declining defense

28




89
budgets will promote this trend. It is in the best

interests of government and industry to cooperate on

technology advancements through spin-offs and spin-ons.

CONCLUSIONS

In the preceding paragraphs, issues and recommendations
were discussed in the context of the four defense technology
base initiatives for improvement. Two profound problems are
rooted in each of these four initiatives.

First, the philogophy of short-gightedness pervades the
entire technology base. Any progress, in changing America’s
mindset to that of a longer term persgpective, will definitely
pay big dividends.

Second, control over the defense technology base is
sorely lacking. In this regard, the creation of the CTI and
the director for acquisition education, training, and career
development are both necessary measures to properly focus
overall DOD technology base efforts and to come to grips with
a well-structured strategy. Since the DOD, universities, and
industry are 8o tightly linked within the technology base,
succegsful policies at the national level must be jointly
forged. The recent elimination of direct industrial and
academic participation in the CTI is a major setback.

Throughout the defense technology base, the U.S.’'s
eroding lead is becoming more and more noticeable. Thisg

decline is not necessarily confined to the military
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establishment, but applies to the U.S. economy as a whole.
As Donald Snow recently observed:

Most people, for instance, would add

economic well-being or prosgperity to their
definition of what makes them feel secure.
The ability to remain competitive may well

be defined increasingly in high-tech terms,
and the failure to compete will impose 81
heavy economic, gocial, and security costs.

In order to stem this tide and put the U.S. defense
technology base back on track logical, pogitive measures must
be adopted by both government and industry. The four
initiatives ghould provide the basiz for a revitalized
technology strategy.

Thus far, DOD is maintaining R&D investments, while
reducing or eliminating procurement funding. Time will tell
the success of such an acquisgsition policy. Thig policy will
certainly change the current defense industry. Indeed,
further impacts, such as the lossg of the national defense
production capacity and workforce, greater reliance
on commercial sources of equipment, and reduced cpportunities
to offer U.S. weapon systems for export, will be forthcoming?

Nevertheless, the current political mood is to cut
defenge indiscriminately. In such uncertain times, the
defense technology base must be stabilized and strengthened.
The future of not only the defense technology basge, but also
the U.S. economy, hinges on the actions taken now. One might
agk, in these times of constrained resources, can we afford
to do this? A more appropriate question would be, Can we

afford not to?
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